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TABLE 1 - DETERMINATIONOF RUTHENIUMIN SYNTHETIC
MIXTURESCORRESPONDINGTOURANIUMALLOY(FUEL)
Ru(III) U Mo Zr Pd Rh Ru(III)
present ppm ppm ppm ppm ppm found
ppm ppm
0·40 19 0'5 0·02 0·01 0·01 0'40
0·80 38 1'0 0·04 0'02 0·02 0·80
1'20 57 1·5 0·06 0·03 0·03 1-19
1-60 76 2·0 0·08 0·04 0·04 1·54
2·00 95 2·5 0'10 0·05 0·05 1·89
TABLE2 - DETERMINATIONOFRUTHENIUMIN Zn-Mg ALLOY
(Av. of 5 determinations)
Zinc Magnesium Ru(III) (\Lg)
added added
mg mg Added Found
30 4·00 4·00
30 4·00 4·00
15 15 4'00 3'99
15 15 2'00 2·00
solutions and mole ratio method-', Both the
methods indicate the formation of 1: 1 complex
between the metal and the reagent. The orange-red
solution of Ru-TFP was passed through Dowex
50W-X8 cation exchange resin and Dowex 1-~8
anion exchange resin. The orange-red solution
passed through the anion exchange resin but the
orange-red colour was retained on the cation ex-
change resin. This indicated that the complex was
cationic.
Effect of diverse ions - The following amounts
(flogmr") of foreign ions were found to give less
than 3% error in the determination of 4 flogof
Ru ml'<: U02(I1) 800; Ni(I1) 1600; Cu(I1) 300;ce(II) 100; Fe(III) 8; Pt(IV) 6; Rh(I1I) 6; Os(VIII)
4; Zn(I1) 1000; Mg(I1) 1000; Zr(IV) 10~; Mo(VI)
50; chloride 2000; fluoride 2000; bromIde ~OOO;
iodide 25; sulphate 2000; acetate 2000; nitrate
.800; EDTA 1200. Thiosulphate, thiourea, Pd(II) ,
Au(I1I), Ag(l), V(V) and Ce(IV) were found to
interfere at all concentrations.
Analysis of synthetic samples - Fuel for the initial
-core loading of the Experimental Breeder Reactor-II
(EBR-II) is an alloy of 95% uranium, 2'5% molyb-
denum, 2·0% ruthenium and smaller amounts of
zirconium, palladium and rhodium. In one phase
of the processing system devised for EBR-I1, molten
zinc and zinc-magnesium alloy are used as. solvents
in the separation of uranium from rtrthenium and
other fission products. Hence the analysis of ura-
nium fuel and zinc-magnesium alloy is of great
importance. Synthetic mixtures containing the
metals corresponding to (1) the uranium alloy (fuel)
.and (2) zinc-magnesium alloy were prepared and
ruthenium content was determined. The results of
analyses of synthetic mixtures are given in Tables 1
and 2.
References
1. BEAMISH,F. E. & VANLOON,J. C., Recent advances in the
analytical chemistry oj the noble metals (Pergamon Press,
Oxford), 1972, 306.
-632
2. BEAMISH,F. E., Analytical chemistry oj the noble metals
(Pergamon Press, Oxford), 1966, 366.
3. BOLTZ,D. F. & MELLON,M. G., Analyt, Chem., 46 (1974),
234R; 44 (1972), 3OOR; 42 (1970), 152R; 40 (1968),
255R; 38 (1966), 317R.
4. BEAMISH,F. E. & McBRYDE, W. A. E., Analyt. chim.
Acta, 9 (1953), 349; 18 (1958), 551.
5. BEAMISH,F. E., Talanta, 12 (1965), 789.
6. SANKEGOWDA,H. & RAMAPPA,P. G., J. Indian chem.
Soc., 52 (1975), 1123.
7. RINGBOM,A., Z. analyt. Chem., 115 (1938), 332.
8. AYRES,G. R., Analyt. Chem., 21 (1949), 652.
9. JOB, P., Ann. Chim., 9 (1928), 113.
10. IRVING,H. & PIERCE, T. B., J. chem, Soc., (1959), 2565.
11. YOE, J. H. & JONES,A. L., Ind. Engng Chem., 16 (1944),
111.
N-Substituted Phenothiazines as Reagents for
the Spectrophotometric Determination of
Traces of Au(III)
H. SANKEGOWDA& K. N. THIMMAIAH
Postgraduate Department of Chemistry, University of Mysore
Mysore
Received 5 November 1975; accepted 26 December 1975
Trifiupromazine hydrochloride, promethazine hydro-
chloride and mepazine hydrochloride form coloured
compounds with gold(III) in hydrochloric acid medium.
Absorption maxima and molar absorptivities of these
coloured compounds are: for trifiupromazine hydro-
chloride 503 om, 1·303 x 10'; for promethazine hydro-
chloride 517 nm, 1·609 x 10'; and for mepazine hydro-
chloride 514 om, 2·184 x 104 litre mole= cm", The first
two N -substituted phenothiazines give full development
of colour intensity in hydrochloric acid media ranging
from 2·0-4·0M and 2·5-4·0M respectively and the third
one in an aqueous solution in the pH range 1·8-2·1.
Beer's law is valid over the concentration range 0·32.
14·22 ppm of Au for triftupromazine hydrochloride,
0·20-11·90 ppm of Au for promethazine hydrochloride
and 0·24-12·64 ppm of Au for mepazine hydrochloride.
SANKE GOWDA et al.1 proposed promethazinehydrochloride (PH) as redox indicator for
vanadametry, Cavatorta- used the reaction of
PH with palladous chloride for the colorim~tric
determination of PH. The present paper descnbes
triflupromazine hydrochloride (TPH) , PH .a,nd
mepazine hydrochloride (MH) as new sensitive
reagents for the spectrophotometric determination
of Au(III).
A stock solution of gold was prepared from Au(I1I)
chloride (Baird & Tatlock, London) in. doubly
distilled water and standardized gravimetrically''.
Aqueous 0·2% solutions of TPH, PH and MH
were prepared and stored in amber-coloured bottles
in a refrigerator. .
Solutions of diverse ions of suitable concentrations
were prepared using analytical grade reagents. .
Procedure for the determination of Au(III): Wtth
TPH - To an aliquot of gold solution containing
8,0-355·0 flogwere added 7·5 mlof 10M hydrochloric
acid and 3 ml of 0·2% TPH. The solution .was
diluted to 25 ml with doubly distilled water, mIxed
thoroughly and the absorbance measured at 503
nm against a corresponding reagent blank prepared
NDTES
in the same manner. The gold concentration of
the sample solution was deduced from a calibration
curve.
With PH - To an aliquot of solution containing
$,0-297 [Lg of gold were added 7·5 ml of 10M
hydrochloric acid and 4 ml of an aqueous 0·2% PH
solution and the solution diluted to 25 ml with
double distilled water. The solution was mixed
thoroughly and the absorbance measured at 517 nm
against a corresponding reagent blank. The gold
concentration of the sample solution was calculated
from a calibration curve.
With MH - To the gold solution containing
6·0-316 [Lgof gold was add~d 3 ml of 0:2{/~ MH and
solution diluted to 25 ml With double distilled water.
The absorbance of this solution was measured after
8 min at 514 nm against a reagent blank.
TPH PH and MH are oxidized to red-coloured
radical' by Au (III) in hydrochloric acid medium.
TPH and PH give full development of red colour
instantaneously in 2'0+OM and 2·5+0M hydro-
chloric acid solutions respectively as shown by the
constancy of Amax. The absorbance of the co loured
oxidation product of TPH and PH remains constant
for 30 and 15 min respectively. TPH and PH do
not give maximum intensi~y o~ the c<?lour below
2'OM and 2·5M hydrochloric acid solutions respec-
tivelv. They are slowly oxidized by hydrochloric
acid"above 4·OM. MH gives complete colour deve-
lopment in hydrochloric acid solution in the PH
range 1·5-2·1 after 5-10 min. The absorbance .of
the coloured oxidation product of MH rernams
constant for 35 min. The decrease in PH value of
the medium from 1·1 to 0·5 increases the duration
of time from 12 to 20 min for giving full develop-
ment of red colour. MH gives incomplete forma-
tion of red colour and turbidity below PH 0·40.
Turbidity is also obtained at" PH >2·5. The
absorption maximum, molar absorptivity and
Sandell's sensitivity of the three coloured oxidation
products are given in Table 1. The reagents do
not absorb at the Amax of the respective oxidation
products. It can be seen fro!ll Table 1 th';l-t ,1he
sensitivity of the three N-substltuted phenothiazines
is found to be in the order of MH>PH>TPH.
The sensitivity of MH is comparable with scrne ~f
the very sensitive reagents proposed for the colon-
metric determination of gold.
TPH PH and MH are also oxidized to red-
coloured products by gold(III) chloride !n sulphuric
or phosphoric acid medium. Sulphunc or phos-
TABLE 1 - SPECTRALCHARACTERISTICSOF THE OXIDATION
PRODUCT OF TPH, PH AND MH
Oxidation
product of
Amax Molar Sandell's
nm absorptivity sensitivity
litre (fl-g Au
mole'? em'? cm'"]
Colour
Triflupromazine Orange- 503 l'303xl04 0·01444
hydrochloride red
Promethazine Red 517 1·609 x 104 0·01210
hydrochloride
Mepazine do 514 2'184 X 10' 0·00850
hydrochloride
TABLE 2 - EFFECT OF DIVERSE IONS
[Amount of gold(III) taken, 125 fl-g/25 ml]
Ion added Tolerance limit a (fl-g)
TPH PH MH
Fluoride 171·50 170·00 85·00
Chloride 2000'00 2800,00 2005,00
Bromide 2935·00 1950 2445·00
Iodide 0·040 0·160 0·120
Nitrate 1500·00 1490·00 1380·00
Sulphate 9810·00 11774'40 8829'00
Phosphate 333·75 445'60 167·00
Thiosulphate 0,36 0·1848 0·45
Acetate 1180·00 1416·00 944,00
Citrate 1200,00 1400·00 400·00
Tartarate 445·00 890·00 880·00.
EDTA 0,25 0·050 0·10
Palladium(II) 3·00 4-00 3·00
Ruthenium(III) 0-48 0·60 0·40
Iridium(III) 5-20 3-90 2·60
Rhodium(III) 0,60 0·90 0·75
Osmium(VIII) 3·00 8·00 0·60
Platinum(IV) 3,75 5·40 4,60.
Copper(II) 112·50 90·00 135·00
Nickel(II) 164,50 188,00 141·00
Cobalt(II) 116·00 52·20 rot-so
Silver(I) 8·90 5·90 0·90
a=amount causing an error of less than 2%.
phoric acid has no advantages over hydrochloric
acid as the duration of the stability of the colour in
sulphuric cr phosphoric acid is less than 5 min.
Full development of colour intensity is obtained
with a 16-fold excess of TPH, 40-fold excess of PH
and 29-fold excess of MH. The order of addition
of reagents has no effect on the int ensity of the
coloured products. The colour intensity remains
practically unchanged in the temperature range 7-60°.
Above 60° the intensity of the colour decreases.
Beer's 12.w is obeyed in the concentration range
0-32-14'22 ppm of Au for TPH, 0-20-11'90 ppm of
Au for PH and 0-24-12'64 ppm of Au for MH.
However, the optimum range for the effective
spectrophotometric determination is 0·80-14·10 ppm
for TPH, 0-75-11-6 ppm for PH and O·63-12·3()
ppm for MH. The relative error is ::;;;± 2%.
The interference of a number of ions commonly
associated with gold(III) has been investigated.
The tolerance limits for various ions are given in
Table 2. The alkali and alkaline e arth metals do
not interfere. Serious interferences are found with
Ce4+, Cr20~-, MnO" VOs, CI03, chloramine-T, plati-
num metals and Ag. The complexes formed by Pd
and Pt can be removed by extraction with chloro-
form. The interference due to Ag(I) can be elimi-
nzted by precipitating Ag as silver chloride by
adding sodium chloride.
The authors thank the CSIR, New Delhi, for the
award of a junior research fellowship to one of them
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